Introduction

19
The diagnosis and control of Mycobacterium bovis infection (bovine tuberculosis: TB) continues to 20 present huge challenges to the British cattle industry [1] . [2] hypothesised that the route of infection 38 may influence the magnitude of the IFNγ response and subsequent disease progression, but they 39 had insufficient data to investigate this. Previous studies have suggested that badgers infected 40 through biting may subsequently experience particularity aggressive pathology [7, 8] and 41 experimental intradermal injection of M. bovis has been linked to progressive systemic infection [9] . 42
Seropositivity is also more likely in situations of progressed disease which suggests that while not 43 directly measuring infectiousness, a positive serological test result may indicate a greater likelihood 44 that this is the case [10] . In the present study, our rich dataset allowed us to examine for 45 relationships between the locations of positive M. bovis culture results (from specific lesions or body 46 areas, which may reflect the route of infection or excretion) and IFNγ responses. For bite wounds, 47 this provides insight into how the route of infection may affect the magnitude of the immune 48 response to M. bovis infection in badgers. 49
The duration of immune response is also important. Tomlinson et al. [2] showed that the magnitude 51 of IFNγ responses to infection in badgers declined over time, but they did not investigate how soonpresent from which M. bovis was isolated. All three tests (IFNγ, Stat-Pak and culture) were conducted on 102 each badger every time it was trapped, except on 2% of occasions when an insufficient volume of 103 blood was available to allow Stat-Pak or culture to be run. Estimates of the sensitivity and specificity 104 of each of these three tests have been reported separately [18] . 105
106
Data description and analysis 107
Data included IFNγ, Stat-Pak and culture test results on 550 captured badgers. Animals were 108 enrolled in the study on the date of their first IFNγ test (usually the first time they were sampled 109 within the study period) and were followed until the date of their last Stat-Pak or culture test during 110 the period of study. This resulted in a median total observation period per badger of 10 months 111 (range: one day to 86 months (7.2 years) per badger). Badgers with an observation period of one day 112 were trapped and tested just once: therefore a true follow-up time period was not recorded for 113 these animals. However, it was considered possible that their infection status might have been 114 different to those that were trapped more than once (e.g. badgers that were lost to follow-up may 115 have been more likely to have advanced infection) and so to reduce exclusion bias resulting from 116 their omission, the test results of these badgers were included in the analysis by artificially 117 increasing the time period between IFNγ and subsequent tests by one day. 118
The 'risk factor' of interest included as the explanatory variable in the model was the IFNγ titre at 120 the first time each badger was tested. Associations between the categories of the independent variable (IFNγ titre) and the dependent 135 variables (subsequent Stat-Pak and culture results) were initially assessed using Chi-square tests. that the proportional hazards assumption was not met. Therefore, data were corrected by splitting 148 the observation time over the first year into three-month intervals (Table S1 in Supplementary  149 Material). A Schoenfeld test indicated that following this step the data no longer violated the 150 proportional hazards assumption. When fitting the Cox regression model to the data, the clustering 151 of multiple observations per badger was specified. This analysis was performed using Stata version 
Relationship between IFNγ titres and culture results from different types of clinical sample 173
We looked for relationships between the mycobacterial culture test results from each type of 174 sample (some of which may be considered as potential proxies for the route of infection: for 175 example: a positive culture of a bite wound swab was taken to indicate that infection had occurred 176 through being bitten) and the IFNγ response in the same animal. Mixed effects linear regression 177 models were used, with individual animals as a random effect to avoid pseudo-replication, using 178
data from badgers that were tested by both culture and IFNγ test on the same trapping occasions 179 The distribution of Stat-Pak and culture test results by category of IFNγ titre can be found in Table  194 S2 (Table 2) . Predictive ability gradually declined, however, and became 209 inconclusive when follow-up time was more than 12 months (Table 2 and Figure 1 ). An exception 210 was for badgers in the highest IFNγ category, where the association was sustained over the longest 211 time period (up to 24 months between IFNγ and Stat-Pak tests being conducted on the same 212 badger), albeit with a rate ratio of only 3.14 (95% CI: 1.09 -9.02) for this longer period (Table 2) . (Table  218 3). Low numbers of positive culture test results (Table S1 ), which are likely to reflect the low 219 sensitivity of culture for detecting infected animals [18] explain the wide confidence intervals andtest results were detected when data were stratified and adjusted for age and sex using the 224
Maentel-Haenszel stratified analysis of rate ratios method. This was true when data were assessed 225 visually -by inspecting the degree of change in rate ratios to examine for confounding, and formally 226 -by testing for unequal rate ratios to examine for effect modification. No significant associations 227
were detected between age and sex variables on the rates of positive StatPak or culture results 228 when univariate Cox regression was fitted to study the predictive effect of age and sex explanatory 229 variables. Consequently, age and sex were excluded from the final model. higher than the IFNγ OD value associated with a negative urine culture sample (z-test = 3.68, 250 p<0.001; 95% CI: 1.8-6.9). Similarly, a positive faeces culture result was associated with a 3.5 times 251 increase in IFNγ OD value (z-test =3.20, p=0.001; 95% CI: 1.6-7.4), and a positive bite wound swab 252 culture result was associated with a 3.3 times increase in IFNγ OD value (z-test = 2.85, p=0.004; 95% 253 for the latter two clinical sample types were very small (samples sizes are given in Table S3) (Table S2) , which is likely to have resulted in low 346 statistical power for the parameters estimated. Moreover, the mycobacterial culture test has limited 347 sensitivity in live badgers: as low as 10 per cent in some cases [16] which means that the true 348 predictive ability of IFNγ is very likely to be higher than that described here. 
